The Group 1 complexes, [M(Me 6 [18] lations also show that coordination to the Group 1 cation involves significant donation of electron density from the p-orbitals on the N atoms of the macrocycle, rather than purely electrostatic interactions.
Introduction
The coordination chemistry of Group 1 cations with neutral ligands is dominated by oxygen-donor ligands such as alcohols, ethers, and water, including the ubiquitous crown ethers and cryptands which are frequently used as ligands towards Group 1 cations. 1, 2 The corresponding chemistry with the less electronegative neutral polyaza macrocycles has been much less studied. We recently reported the preparation of several unusual complexes based upon coordination of Na + to ], containing tetradentate coordination of the macrocycle. 3 The
Me 3 tacn complexes were initially isolated serendipitously from reactions of Na[BAr F ] with SiCl 4 in the presence of the N-donor macrocycles, towards preparation of potential precursors for the supercritical fluid electrodeposition (SCFED) of semiconductor materials. 4 The Na + preferentially coordinated to the N-donor macrocycle, and we attributed this unusual behaviour to the low lattice energy of Na [BAr F ], coupled with the high solubility of the [BAr F ] − salts in non-competitive, very weakly coordinating solvents, such as CH 2 Cl 2 and toluene. Neutral diamines (e.g. N,N,N′,N′-tetramethylethylenediamine) are often used as complexation agents to increase the reactivity of alkyl lithiums 5 and to increase the solubility of † Electronic supplementary information (ESI) available: X-ray crystallographic parameters and cif files for the complexes reported (Table S1 ), crystallographic data in CIF format, together with full DFT computational details using both the BP86 and B3LYP functionals (Tables S2-S30 , Fig. S1 We report here the first systematic study of the synthesis, spectroscopic, and structural characterisation of Group 1 cation (Li + to Cs + ) complexes involving tri-, tetra-and hexa-aza macrocycles. Density functional theory (DFT) with the BP86 and B3LYP functionals has been used to investigate the electronic structure and bonding present in the resulting cations.
Experimental
All preparations were carried out under a dry dinitrogen atmosphere using standard Schlenk and glove box techniques.
[ [18] aneN 6 (31 mg, 0.09 mmol) in CH 2 Cl 2 (2 mL) was added. The reaction was stirred for 4 h then the product was precipitated by the addition of n-hexane (20 mL 
Results and discussion
In view of the limited literature examples of aza-macrocyclic complexes with Group 1 cations, their expected lability in solution, and the lack of diagnostic spectroscopic signatures for these complexes, X-ray crystallographic data provide the key characterisation method. We therefore describe the solid state data first, comparing these with computed structures obtained using DFT, followed by their solution NMR spectroscopic data. DFT calculations were carried out using the BP86 and B3LYP functionals. In general, these functionals perform equally well in replicating bond distances and angles in the cations investigated (Tables S2, S3 , S7, S8 and S12-S23 †). The results from the BP86 functional are discussed in the main manuscript, while those computed with the B3LYP functional are collected in the ESI. † The energy and symmetry of the molecular orbitals are given in eV and in parentheses, respectively. The dark red (+) and green (−) lobes represent the signs of the angular part of the AO contributing to a MO.
Hexa-aza macrocyclic complexes
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This journal is © The Royal Society of Chemistry 2015 actions of 3.658(1) Å perpendicular to the N 6 plane (ΣvdW = 4.19 Å), 22 which gives K2 an overall hexagonal bipyramidal arrangement (Fig. 5a ). The other potassium cation (K1) contains no K⋯F interactions and is therefore hexagonal planar (Fig. 5b) .
[ 60.04(6), N5-Rb2-N6 60.50(6), N4-Rb2-N6 ii 59.50(6). Symmetry code: 
This journal is © The Royal Society of Chemistry 2015 anion being large and usually considered as very weakly interacting, in some cases it still influences the experimentally determined geometry. Table 1 , together with those for Me 6 [18]aneN 6 itself (which has two conformers of very similar energy, structures 3 and 4, Fig. S2 †) . This shows that electron density is transferred from the bonding σ C-H and σ C-N orbitals and N 2p nonbonding orbitals of [M(Me 6 [18] 
Tri-aza macrocyclic complexes
Based upon our earlier work on Na-Me 3 tacn complexes, 3 we also attempted to extend the chemistry of Me 3 tacn to the other members of Group 1 (Scheme 2). 6 , structure 4 (Fig. S2) . b The values in parentheses were obtained using the energy of the Me 6 [18]aneN 6 , structure 3 (Fig. S2) .
[K(Me 3 tacn) 2 ][BAr F ] was successfully prepared and isolated similarly to the Na + analogue and is isostructural (Fig. 11) , forming a centrosymmetric very distorted octahedral cation. This contrasts with the hexagonal planar coordination present in [K(Me 6 [18]aneN 6 )] + , although the bond distances and angles at K + are actually quite similar.
The K-N bonds are 0.2-0.3 Å longer than the corresponding Na-N bonds, while the intra-macrocyclic N-K-N angles are more acute by 8-9°. These differences may reflect a poorer match between the large K + cation and the small nine-membered Me 3 tacn ring, although as we have noted, they are similar to the angles in [K(Me 6 [18]aneN 6 )] + . As shown in (Fig. S5 †) . Table 3 + cations is a fine balance between the metal ion being sufficiently large to avoid significant steric clashing between the Me groups of the two rings, but small enough to avoid very acute N-M-N chelate angles.
Tetra-aza macrocyclic complexes
Changing the ligand from Me 3 tacn to Me 4 cyclen has the effect of both increasing the denticity and expanding the macrocyclic binding cavity. The crystal structure shows a five-coordinate square pyramidal (τ = 0.02) 25 cation with the macrocycle tetradentate and one apical water molecule (Fig. 14) . (Fig. 15) . The τ value of 0.00 confirms an ideal squarebased pyramidal geometry and the sodium cation is out of the N 4 plane by 1.225(2) Å.
Although sandwich complexes of the Group 1 cations with 12-crown-4, e.g. [Na (12- cations requires a fine balance of, on one hand, the metal ion being sufficiently large to avoid significant steric clashing between the Me groups of the two rings, and on the other, the ion being sufficiently small to avoid extremely acute N-M-N chelate angles. DFT calculations show very good agreement with the experimentally determined structures and confirm significant donation of electron density from the N atoms of the ligand upon complexation, which is accompanied by transfer of some electron density to N from the σ C-H and σ C-N bonding orbitals. The nature of the FMOs show that contributions from the metal orbitals are only significant in the lower energy valence occupied orbitals, while the HOMO itself is dominated by the N 2p orbitals. The calculations also show that coordination of the aza macrocycle to the Group 1 cation in these complexes involves significant donation of electron density from the p-orbitals on the N atoms, rather than purely electrostatic interactions.
